The impacts of the climate change for agriculture is an ambitious and unresolved topic due to the complexity of the natural phenomena. The high variability of the Mediterranean basin does not allow us to generalize with enough certainty the results obtained from other researches and other locations. Therefore, a site specific analysis in Capitanata plain was conducted. The aim is to provide a detailed picture of recent change in climate regime in one of the most important agricultural area of South Italy. Climate analysis was carried out and several indices of extreme events were studied on the basis of temperature and precipitation observations registered at experimental station 'Podere 124' (CRA-SCA). The period under study is 1979-2008. Increasing trends were identified for the summer season with an intensification of the number of heat waves.
Introduction
The forth assessment report AR4 of the Intergovernmental Panel on Climate Change (IPCC, 2007) stated that by the end of this century the planet's average temperature is expected to rise anywhere between about 1.4 and 6 °C. Although only a small fraction of this warming had happened so far, predicted effects are already becoming visible in some regions, with frequent deadly heat waves, rising sea level, strong floods and droughts, spread of tropical diseases and decline of sensitive species.
There is a common opinion in scientific debate, supported by several studies, that change in climate is unequivocal together with a growth in mean temperature since the mid-1970s . Considering land and ocean data for both hemispheres during the past 150 years, Jones et al. (2009) estimated the following trends: (i) a marked warming up to 1940, (ii) a relatively steady conditions up to the mid1970s and (iii) a subsequent rapid warming. Hansen et al. (2006) affirmed that global surface temperature increased of about 0.2 °C per decade in the past 30 years. Gil-Alana (2008) found that the highest increase took place during the last twenty or thirty years, i.e. 2.37°C /100 years in the northern hemisphere and about 1.30 °C for the southern one.
Even if the increase in mean temperature is primarily caused by increase in night temperature, it was shown that not all regions are answering in the same way to the rise of global mean temperature: one of the must critical region is the Mediterranean basin, where a non uniform and discontinuous warming was identified and a marked east-west differentiation in temperature trends was well documented (Kostopoulou and Jones, 2005) . Concerning Italy, Brunetti et al. (2000; pointed out that the trend in temperature is the greatest in Trends and Extremes Analysis of Daily Weather Data from a Site in the Capitanata Plain (Southern Italy) Domenico Vitale *1 , Gianfranco Rana 2 , Pietro Soldo the south, while for precipitations a negative trend in the number of wet days and/or the total rainfall amounts was found, but with an increase in intense precipitation events over the period 1951-2000. Furthermore, global warming is likely affecting the climate variability, with increased probability and intensity of extreme weather events. The term "extreme" means "individual weather event which is unusual in its occurrence" (i.e. heat wave, frost days, droughts, etc.) or having destructive potential, such as hurricanes and tornadoes. For these reasons, changes in extreme weather and climate events have significant impacts and are among the most serious challenges to society, economy and natural ecosystem. Easterling et al. (2000) reported that the frequency of climate extremes in temperature and precipitation is expected to increase during the current century. These events, such as late spring frost, windstorm, extremely hot weather, severe drought or prolonged soil wetness coinciding with hot weather, can cause serious damage to the natural and agricultural crops because they have little difficulty to accommodate moderate changes in typical weather, but changes in the tails of the distribution (the extremes) cannot be so easily recovered, since they have often very direct impacts (Peterson et al., 2008) .
The analysis of climate trends and mainly of extreme events is often carried out at very local space scale, by studying the time series calculated at a single site (see for example Beniston and Stephenson, 2004; Beniston and Diaz, 2004; Kostopoulou and Jones, 2005) . On the other hands, the extreme events statistics need to be processed at small scale for fully understanding the uncertainty of the applied models (Katz, 2002; Baigorria et al., 2007) .
Given the aforementioned scenarios, in this study we examine the climate variability of the last thirty years in the Capitanata plain, one of the most important agricultural area of South Italy. This contribution deals with several aspects of mostly empirical, static, data analysis with the goals to provide a consistent picture of the local climate variability and to identify trends. Therefore, after the application of quality control procedures and the homogeneity tests, we analyzed the climatology and the water and heat regime in an experimental station representing this area in the period 1979-2008. Rigorous and robust statistical tests were applied to temperature and precipitation series and several indices were analysed to look for a trend in the frequency and/or severity of weather extremes. Our aim is to offer an effective, clear and suitable picture of the local climate changes in the agricultural area of the Capitanata, in order to suggest scientists and stakeholders useful tools for the comprehension and best analysis of the present and future scenarios.
Material and methods
Local climate is an intricate and chaotic system responding to a great number of solicitations, some of them correlated to large scale patterns, such as the North Atlantic Oscillation (NAO), and others representative of local (micro) variability. Further and unfortunately, weather observations are susceptible to a number of potential errors and for this reason, preliminarily to any analyses, it is needed to perform accurate data quality control check, whatever was the purpose of investigation.
In this section (i) firstly, a description of time series used in the further analyses is given, supported by a brief explanation of the quality control procedures adopted and the homogeneity tests preliminarily performed to guarantee the high-quality of data for the climate change studies. (ii) The Walter and Lieth (1960) climate diagram, useful to understand the climate dynamics between temperature and precipitation of the interest area, is described. (iii) The trend analysis procedures were outlined, both at monthly and annual basis, in order to quantify and to compare it with other results in literature. (iv) Finally, the extreme event indices applied to the daily series and useful to better understand the change in climate dynamics were described.
Historical daily data, quality control and homogeneity test
The daily minimum temperature (Tmin), maximum temperature (Tmax) and precipitation (Prec) series registered at the agro-meteorological station 'Podere 124' of the CRA-SCA (lat. 41°26'49'', long. 15°30'15'', alt. 90 m) located in the Apulian Tavoliere were analysed (Fig. 1) . The daily dataset covers the period from Janu-ary 1979 up to December 2008, so as to meet the World Meteorological Organization (WMO) recommendations that considers a minimum period of three decades for the climatic analysis.
Additional quality control (QC) of the daily data were undertaken using both the procedures proposed by Rana et al. (2004) and Zhang and Yang (2004) implemented in R software package RClimDex. The QC consisted of preliminary checks for identifying consistency errors (e.g., -20°C < Tmin < Tmax < 50 °C, 0 mm < Prec < 300 mm) resulted, for example, by the digitalization of character manually recorded, random errors arisen from electronic noise in measurements, sensor degradation and, sometimes, untraceable causes. The thresholds for defining an outlier were set to be three times the standard deviation (σ) of daily Tmin and Tmax records and six σ for daily precipitation data. Potential errors were then validated or rejected by consulting (i) the original records on paper archive, (ii) the values of adjacent days at the same station, (iii) data from the same date at nearby stations from the Servizio Idrografico Nazionale and the Consorzio per la Bonifica della Capitanata networks. Only those values that were positively found to be erroneous were set to "missing" and deleted from following analyses.
After the QC step, each series were statistically tested with respect to homogeneity, following the procedures adopted by the European Climate Assessment & Dataset (Wijngaard et al., 2003; Klein Tank, 2008) . After an accurate study and analysis, three test methods were selected to evaluate the departure of homogeneity in the time series: the standard normal homogeneity test (SNHT) for a single break (Alexandersson, 1986) , the Buishand range test (Buishand, 1982) and the Pettitt test (Pettitt, 1979) . After an huge work for founding the most useful variables to be analysed, the testing variables chosen to be used in the analysis were (i) the annual mean of the diurnal temperature range (mDTR), (ii) the annual mean of the absolute day-to-day differences of the diurnal temperature range (vDTR) and (iii) the wet day number (threshold 0.1 mm, 1 mm and 10 mm).
Climate description
In order to summaries the climatic variables and their time course in the year, the Walter and Lieth (1960) climatic diagram is considered. This diagram only use precipitation and average air temperature at monthly scale; it gives an accurate representation of the type of climate and the dynamics between used variables. This climatic diagram is built so that 20 mm of monthly precipitation (right ordinate) equals 10 °C average temperature (left ordinate), in order to individuate drought periods when the precipitation line crosses the temperature line. In addition, descriptive statistics about monthly mean values, relative standard deviations, and absolute minima and maxima values for each climate variables were reported (Tab. 2-3). Furthermore, the climate classification is carried out on the basis of the Aridity Index defined by De Martonne (1941) as the ratio between mean annual precipitation and mean annual temperature.
Time trend estimation
In the AR4, the word "trend" is used to designate a generally progressive change in the lev- el of a climatic variable. The statistical methods for determining the precise magnitude of the change, if it exists, is an unsolved topic. In fact, the probability of detecting trends in time series depends on its magnitude, the record length and the statistical properties of the interested variable, in particular the variance .
In many applications of time series analysis, trend is described as the slope of a linear function having the form
where y t is the observed climatic series at time t, and x t is the noise term capturing the variability around the time-trend. The estimation of the slope by least square method is easy to understand and suitable statistical tools are available for estimating the uncertainty in the fitted trends arising from sampling variability. The slope parameter β 1 can be considered as a measure of the average change in y t per time period (i.e. if β 1 = 0.1 means an increase of 0.1 °C*10 years = 1 °C per decade) and its significance can be tested by the Student's t test. Nevertheless, there are some instances when least-squares methods may be sensitive to individual values, such as a single outlying observation that lies near either the beginning or the end of the available data record. Such observations have "high leverage", meaning that the fitted trend can be strongly affected by their inclusion or exclusion from the data record. For this reason, non-parametric methods for detecting trends may be a challenge because more statistically robust, in particular when the distribution is non Gaussian (Klein Tank at al., 2009).
The primary testing for trends in this study is conducted using both regression analysis and the non parametric Mann-Kendall test (Kendall, 1938 , Mann, 1945 for correlation, commonly used for climatic variables (Sneyers, 1990) . The annual mean of daily minimum and maximum temperature and the annual amount of daily precipitation series were chosen for testing procedure.
Because climate system contains variability at all time scales and a possible changes in the individual month may be substantially different from changes in annual mean, the MannKendall test was also performed to search for a tendency at monthly basis.
Extreme weather indices
Climatologists suggested a number of indices of climate extremes which can be easily calculated. There are two main categories of extremes indices: those based on absolute thresholds and those based on percentiles. The first category refers to the annual count of days crossing a specified absolute value (e.g., the frost day index counts days with Tmin < 0 °C), while the second category is based upon the statistic distribution of a climatic variable. The first indices are less suitable for spatial comparisons of extremes than those based on percentile thresholds, which are expression of anomalies relative to the local climate.
The climate extreme indices are determined on the base of daily maximum and minimum temperature and daily precipitation. We used R software and the regional climate change package RClimDex (Zhang and Yang, 2004) for computing all 27 core indices recommended by the CCl/CLIVAR Expert Team for Climate Change Detection Monitoring and Indices (ETCCDMI). Our statistical trend analysis focus on indices able to evaluate the extreme and intense events in the Mediterranean basin. They are listed in Table 1 , their units and the commonly used abbreviations are also summarized. Since the minimum recommended length for this kind of analysis is at least thirty years, the whole period of the available daily data was set as base period for determining the frequency distribution of the index based on percentiles.
Also in this kind of analysis, the detection trend procedure was performed using both least square method and the non parametric MannKendall test.
Results and discussion
The QC step does not give evidence for a great number of erroneous values. However, the few suspect observations (only for temperature series) were removed from the set in order to not affect the following analysis. We did not proceed in estimating it: this does not represent a big problem for the analyses at monthly or annual scale because averaged values can be considered reliable even if some daily values are missing. Concerning analysis at daily scale some doubts can raised if the missing value should be replaced by an extreme event for example. On the other hand, the estimation of extreme events is a topic not easy to be solved.
In Figure 2 , the results of the SNHT, the Buishand range and the Pettitt tests applied to the mDTR of 'Podere 124' are shown. The value of statistics of the three tests does not give us any indication about a break in the period taken into consideration. Thus, the null hypothesis that the annual values of the testing variable are independent and identically distributed can not be rejected at the 0.01 significance level. Figure 3 shows the results of the Buishand range test applied to the precipitation testing variable (number of wet days) with different thresholds. As shown in the figure, also for precipitation series there is no evidence for lack of homogeneity except for the 0.1 mm threshold curve, from which a slightly departure around 2001 is noticeable. However, day count over threshold of 0.1 mm is less suitable as a testing variable (Wijngaard et al., 2003) , because it is oversensitive to breaks also in low amounts. Therefore, since the main purpose of the present study is to assess the quality of precipitation data for investigating trends in wet extremes, we can conclude that the series under study can be considered as homogeneous.
In the following we illustrate: (i) the climate diagram and the descriptive statistics of climate series, (ii) the results of the trend analysis focused on decadal change, (iii) the trends of daily temperature and precipitation extremes.
Climatology
Concerning the climate of the last thirty years at 'Podere 124', the dry season, in which the precipitation curve undercuts the temperature curve, runs from May up to September (Fig. 4) . The annual average temperature is 15.9 °C ranging from a maximum of 32.6 °C in July and August, likely due to the effect of the sea on climate, and a minimum of about 2.8 °C in February.
The monthly average minimum and maximum temperatures and their statistics are reported in Table 2 . In general, the Tmin does not assume values below the 0 °C. Tmax mean is 30°C during the summer season. Furthermore, August presented the minimum variability for Tmin and the maximum variability for Tmax. The spring months, the most important period for crop growth, also showed high variability likely due to extreme frost events.
Annual precipitation (Fig. 1) is 504 mm in average, ranging from the 670 mm in 2002 to 279 mm in 2000. The 41.3% of annual rain is concentrated during the autumn-winter period, from October to January. A major issue concerns the high variability of the distribution (Tab. 3). In most cases, in fact, the one day rainfall exceed the monthly average values. It means that rains are concentred in a few days, with low agronomic efficiency. From the observations of the number of rainy day (> 2 mm), it appears that at 'Podere 124' it was rained at least twice a month, but at the same time the extreme dry events were verified at least once in all months between February and October. The calculated value of the De Martonne index is 19.46, it is between semi-arid and sub-humid zone classification.
Decadal trends
In this section we perform the procedure described in subsection 2.3. For each climate variable at annual and monthly scale, the estimated Mann-Kendall statistics was reported in Table 4 . P-values suggest that the time trends are statistically significant (at 5% critical value) only in the case of annual maximum temperature. This change is likely related to an increasing trend in temperature of summer months. The application of the Mann-Kendall test at monthly series in fact shows a significant positive trend (the sign of tau statistics denotes the direction) during June and August both for maximum and minimum temperature. No statistical significant change was found in the precipitation regime.
According to the slope estimation by least square method (Tab. 5), maximum temperature Table 3 . Monthly rainfall and rainy days: averages and respective standard deviations (rain only), percent of monthly values on annual ones, absolute minima and maxima values, absolute maxima in one day. Period: 1979 Period: -2008 
Trends in extreme events
According to the Mann-Kendall test for trend, five of fifteen indices, taken into consideration, exhibited a significant and positive trend in agreement with the global warming and in harmony to the tendencies found in the previous section, but with some more useful information about the dynamics of the local climate change. The principal results of detection trend procedure (Tab. 6) are summarize as follow: (i) A trend of the order of 0.2 °C per decade was found in diurnal temperature range (DTR, not shown), related to the increases in the maximum temperature as it has been found in the previous analysis. This is in agreement with the results of Klein Tank and Konnen (2003) and Brunetti et al. (2004) for south Europe and in contrast to the tendency of north Europe; (ii) About Tmin extremes, the number of frost days (FD0, not shown) does not show significant trends. This is in contrast with the results of Frich et al. (2002) All these results are in agreement to other studies (Frich et al., 2002 , Brunetti et al., 2004 , Kostopoulou and Jones, 2005 even if the slope coefficients in this case indicate a stronger phenomenon; (iv) With respect to precipitation, no extreme index shows evidences about trends. The reason is likely due to the high variability and also to the relatively brief length of the series. In fact, as demonstrated in other studies (Frich et al., 2002 , Kostopoulou and Jones, 2005 , Klein Tank, 2009 ), when several stations were compared, contrasting results were found. Whereas, some considerations can be made regarding yearly number of extreme intense wet days, with rainfall greater than 20 mm (R20, Fig. 5 ): it exhibits a statistical significant slope trend at the 95% confidence level. This is in agreement with the results of Brunetti et al. (2004) . In fact, besides a reduction of the number of wet days in a longer period , they found a tendency towards an increase in precipitation intensity. It is worth mentioning the negligible slope significance of the number of consecutive dry days (CDD, not shown), an important index in desertification related scenarios, with a mean value of about 42 days per year and a peak of 85 days in 1997. Ital. J. Agron. / Riv. Agron., 2010, 5:133-143 141 47 Figure 5 . Temporal evolution of the extreme event indices in the last thirty years at 'Podere 124' (Capitanata, Italy).
Conclusions
In this study we analysed in detail the climate of a representative site of Capitanata plain (southern Italy) by using robust and suitable statistical techniques, in order to give effective information about actual climatic trends. The metadata found in the paper archive of our agro-meteorological stations and a suitable data quality control permitted us to avoid to take into consideration bad values due to manual human errors or sensor malfunctioning. In this way a very high quality, robust time series of data has been treated in our statistical analysis. We stated that the increase in surface temperature is in particular due to the summer season, having an intensification of the number of heat waves. These results are more evident in maximum than in minimum temperature, indicating a possible anticipation of the summer season. However, this analysis needs more effort in order to evaluate the impacts in vegetation processes and consequences on yield. No significant trends was found in precipitation series, with except to a weakly increase in the number of the intense precipitation events.
These trends, even if significant, must be considered with precaution. In fact, they are only relative to the last 30 years, so it could be influenced by cycles at long time scale. Moreover, we quantified them by means of the slope estimation of a linear function, which could not be the most suitable for the best description of the phenomena.
Anyway, the results derived from this work should be used for a risk analysis on the actual agriculture. In particular the length of the growth crop cycle is affected by such a huge increase of temperatures, as well as the crop water requirements by the extreme events in precipitation regime.
